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FOUNDATION INVESTIGATION REPORT 


Bie een aoe 


Urea ae Vernon J. Burns 
Deputy Chief Engineer (Design) 


FROM: Wm. P. Hofmann, Director 
Bureau of Soil Mechanics 


PROJECT: New York State Thruway 
Interchange with Route 9W 
at Coxsackie 
Greene County 
Project -No. 1416 


We have completed a foundation investigation and are hereby 
transmitting a Foundation Investigation Report for the above pro- 
ject. This study has been prepared and is presented in detail 
to allow the Department of Transportation to make an extensive 
review of the foundations design to be proposed by the Contract- 
ing Engineers for this project, Madigan-Hyland, Inc. In addition, 
it will, in our opinion, form a basis for the discussion and re- 
solution of questions on this subject which may arise. e 


SUMMARY 


Our investigation indicates that the approach em- | 
bankments can be safely constructed without special 
foundation treatment. Structure abutments should be 
supported on end-bearing piles. The piers may be sup- 
ported on spread footings placed on 2 feet of compacted 
Item 2 VJ-D and designed for a maximum allowable bearing 
pressure of 2 tsf. Structure settlements will be negligible 
at the abutments and about 1.5 inches at the piers. Dif- 
ferential settlement of the approach embankments with 
respect to the abutments will necessitate some post-~-con- 
struction maintenance. Drag forces on the piles have 
been computed and are quite significant. Also, the use 
of lightweight fill as embankment material in the abut- 
ment areas would reduce post- construction settlement, 
but at a high cost. 
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Detailed recommendations for foundation design on the above 
project and a description of our investigations and analyses are 
given in the body of this report. 


We are enclosing three extra copies of this report for trans- 
mittal to the District or others. 


Bernard E. Butler 
Associate Soils Engineer 


TIN /PJIW:B 
Enc. 
CGeemGe WeaMcAl pin 








eh NE ies 
servi i deanes a hip 


; (Wh. A 
irs bo | ; 
yt eae Fone a \/ RR 
| yi ge Hee ) ‘ | | 








it oe i 
eal 1 ‘ 4 4 fy : Dies ih ai i 
( ion re ig i 
} 4 | : 
ip ’ ! Le ys often 
1 q i im ; 
f Cop 4 
ra) wt, ‘ 
7 4 wi ; t 
a | ie mee ‘ 
| Yin i \ at i 
i mG 1 
{ 
\ 
¥ 
Fis 
{ 
7 
; ‘ 
j 
aXe -- 


’ 
5 
’ é 1 
5 . 
~~ LI ' 
F } 7 7 at 
i ‘ wey l j 
it’ I y j | 
Oh | nf , 
‘ | 
if 
' 
, j 
ig te ri 1 
' 2 | b ; a 
oF : 
A we " , 
i rf i 
j ie WLR i ,Y 7 
4 Py I Pat 
{ . Wie ay 
eww iy 


or. 


i ¥ var; ri iv 





FOUNDATION INVESTIGATION REPORT 


New York State Thruway Interchange 
with Route 9W at Coxsackie 
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I. INTRODUCTION 
A. Subject and Scope of Report 
This project consists of the construction of a new Thruway 
Interchange crete County, approximately 3 miles north of 
Heres A toll plaza will be located between Route 9W and 
the Thruway. It is assumed that a culvert will carry a small 
stream under the toll plaza embankment, the maximum height of 
Whtenewledepe 2k ireet. Traffic using the northbound Thruway 
lanes will cross the Thruway on a structure having two simply 
supported spans, each approximately 100 feet long. The approach 
embankments to the structure will have a maximum height of 25 
feet above the surrounding ground surface. 
| Our investigation consisted of the following items of 
work: 
1. Analysis of the stability of the structure approach 
' embankments. 
2. Settlement analysis for the structure and the approach 
embankments. 
“3. Settlement asalrse ans the toll plaza area. 
4. Analysis for the foundation design recommendatioiis 
for the structure. 
| Be basis ot Report 
Our investigation was based on the following information: 


1. A one inch equals 20 feet preliminary plan and profile 
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of the structure, prepared by Madigan-Hyland, Inc., sip 
Contracting Rae tneee Oh Fox this) project. 

2. A one inch equals '200 feet plan and a one inch equals 
DUsreet RO ontet by 10 feet vertical profile for the 
interchange, prepared by Pent e mere ands Inc, 

3. Ter erecacion OF Ror ines logs at visual examination 
and classification tests on soil samples from one 4 irich 
diameter cased undisturbed seracails drill hole, numbered 
UDH-4, and from twelve 2 1/2 inch diameter cased drill 
holes numbered DH-1 to DH-3, DH-5 to DH-9, DH-10, DH-11 
and DH-18. In UDH-4, undisturbed 3.375 inch diameter 
samples were obtained, generally at 10 foot intervals. 
The borings were made by Contract under the supervision 
of Madigan-Hyland, Inc. 

. 4. Results of laboratory tests performed by this Bureau 
on undisturbed samples from UDH-4. 

Sa ney field investigation by representatives of this Bureau 
of the existing Thruway bridge over the Penn Centrai Rail- 
road, located 0.8 miles north of the proposed Interchange 
es similar soil conditions. 

- 6. Logs of borings and results of laboratory tests per- 
formed during investigations ake for the original design 


of the Thruway. 
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Il. SITE CONDITIONS 
A. Topography and Geology 

The project is situated on a terrace of the Hudson 
River Valley at an elevation about 150 feet above sea level. 
The topography of the site is one of generally flat land broken 
by occasional stream-carved depressions. A small stream runs 
through the site of the aie toll plaza. Route 9W is 
located along the foot of "High Rocks" at the western boundary 
of the terrace, about 1,000 feet west of the Thruway. The 
Hudson River lies “Nahe de /2miles east. 

The Peeoceeenieee in this area is extremely complex. 
Bedrock consists of folded and faulted Ordovician sandstones 
and shales. Bedrock expressions on the surface are in the 
form:of ridges which have their axes aligned generally in a 
north-south direction. A thin layer of glacial till is found 
over the bedrock. 

At the end of the most recent glaciation, this area 
was a part of glacial Lake Agee ya which extended as far south 
as Kingston. During this period, meltwater from the continental 
glacier deposited thin, alternating layers, oe varves, of silts 
and clays on the lake hosuor, 

The main inflow of water into the lake took place north 
of the project area. As a result, the clays around Albany are 


composed of coarser particles that settled out before reacning 
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the Peteeen area. This can be noted in the somewhat higher 
moisture contents and plasticity indices observed in this in- 
vestigation as compared to the typical Albany clays. 
Eventually, as a result of uplift and/or other causes, 
the lake waters escaped down the Hudson River Valley to the 
ocean. As the lake drained, the sediments were exposed to 
surface drying. In subsequent periods of climate change BCH 
companied by low rainfall, the ground water level subsided 
resulting in increased consolidation, or precompression, of 
the varved silts and clays. 
B. Subsurface Conditions 
The subsurface conditions are shown in Drawing 1 SM 1960A 
poreatned in the Appendix to this BepOLU mele GoUl prone is 
composed of the following strata: 
Pemecescireace laver or about 25 feet or stiit to hard, 
desiccated, brown, layered silt and clay. This material 
has a comparatively high shear strength and low com- 
pressibility. 
Zee PeDOuNt, SoNto 1.0 feet of firm, sensitive, grey, layered 
silt and clay. This material has a limited shear 
strength and is highly compressible at pressures greater 
than its maximum past consolidation pressure. 
3. About 5 feet of very dense glacial till consisting 


of mixtures of sand, silt and gravel with a trace of 
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clay and possibly containing boulders, having high 

strength and Toe compressibility. 

dink GN pasate Sayaererah surface ennoereered at a maxinium 

depth of 100 feet in UDH-4. 

Due to the low permeability of these soils and the time 
lag included, it is impossible to state, based on the short-term 
observations made in the borings, at what depth the static 
groundwater table occurs. In DH-5, DH-7 and DH-8, artesian 
water, originating A the till or the bedrock, flowed out of 
the casi nett No attempt was made to measure the artesian head. 
An artesian head was measured at a location 0.5 miles from the 
Peritcce interchange in borings made for the original design 
of the Thruway. The measurements indicated that the artesian 
head was approximately 10 feet above ground surface. 

III. LABORATORY TESTING PROGRAM 
A. Summary and Discussion of Testing 

The following types and number of tests were performed: 

1. A moisture content determination was made on every 

sample of cohesive soil received in the laboratory. 

2. Liquid limit, plastic limit, and grain-size (hydrometer) 

tests were performed on undisturbed samples from boring 

UDH-4. 

3. The following tests were performed on undisturbed 


samples from boring UDH-4: 





1) 
ene lea’ Tt A 






‘| 
al ‘ 
4 =e hy a a 
+ ‘ 
. j x fe.) ee : s! 
7 ' P A’ : TW 
4 ‘ j pnw ; 
i a L a 9 ¥ 7 re 
? 4 RG 4 saricdt iv ' 
od " : 
’ uy aon i: | ry i ary -- 
4 roe: 
Ape RY ont 
r ' + 4 j 
‘ i a> 4.7 ; oh A A ; 
‘ wha p : ) « ‘> . A 
é 4 j hx 
f ie | i Natt 
v1 y 4 f 
or f W y, 4 
* “ 14 i Nie AD ‘ > p 
bi i ee 4 i 
"9 ‘ | ‘1 io eh * A CT ae J N 5 i 
at My ad 
f f te * 
‘ ” ~ ¢ | 
@ ; f ; 
‘ + , 4 » } 
; a ‘ | s ‘ 1 
F my ay i 
| ‘ , ~ one. 
' hi! ON thy i u i ¢ be May : 
‘ 
; 
’ , ‘ ye i 
’ ba 7 . ° 
iW , ‘! ' t q ) 
, 4 
‘ 
4 ‘ ‘ 4 
~ 4 
* - F 
{ rut a 
: , ea 
Ni ig | 
' 
: ai) : 
+ | : 5 : 
hy - % ma . 
‘ i , 
. sei 
4 ‘ 
7 Bs 4 ’ Ti) Ur * i 
P : “ 
#i 
= r 
i ‘ ; . i d Fal i 
i! } yy Bi | ; 
a 1 me 
f - 
i { ’ aie ; Pe 
t 
ete ‘ * hue i“ 
re pe “ice ‘ 1 
iM VW a a 4 
at ~? 
j l ys “ 
7 ae Rio 
t i x e,” ) 4 
pe anh ae AG : 
” 
eek 2 
‘ i J 
- ‘ na ee j 
7 . Pian al 
tvs he ; ‘of ie ai | f iv J } 
se . 
« Pr a 
aut : aK Bue 4H 1» Sh i 4 * 
4 : Aas Oo og ho} ‘ 4 
jit) arn haber 83 .! } 
a ee 
ns if J + 5 
1 ’ : - rh Wigs a ats a é f 
A a nH «@ a fi ‘ eri a 
4 es : g ait j - rar ed 4 
' ; . ’ . fi 
\ iy 
sae sre ry ’ } 
‘ 4 w } if \ ' ‘ Wee a vide ‘ L ays : 
is diamant st oh taba 1 
uy ‘ @ 
| on ys aa ae £ pant & 7 ye ; 4 / : ea i * 
; - Oe ete Es be hy 
x is an ah in / J ‘ a“ 4 


mee he mist et rk Re 





Seven consolidation tests were run in the usual 
manner ereece that the load was recycled in order 
ay ascertain the recompression piegaccesianics 

of the soil. The compression index and estimated 
preconsolidation pressure obtained from each con- 
solidation test are plotted in Drawing No. 1 SM 
1960B, included in the Dee el Other properties 
used in our analyses and based on consolidation 
test results are also shown in this drawing. The 
rate at which consolidation or settlement will occur, 
as interpreted from laboratory test results, is 
greatly affected by sample disturbance. This factor 
and other inadequacies of analysis procedures for 
time rate of settlement requires that considerable 
judgment be used. 

Seven unconsolidated-undrained (UU) triaxiai 

shear strength tests were performed at confining 
pressures equal to the estimated total over- 
burden eee un the ground at the depth at 
which the ede was obtained. 

Three sets of three consolidated-undrained (CU) 
triaxial shear strength tests were performed. 

Each set of three samples was from the same depth 


in the boring. Individual samples were consolidated 
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Pricuaco failure at the estimated effective 
overburden pressure and two higher pressures, 
respectively, in order to obtain an indication 
of the increase in shear strength with consol- 
idation pressure. 

d. One set of three consolidated-drained (CD) 
triaxial shear strength tests, each consolidated 
prior to failure at different confining pressures. 
The samples were sheared at a slow rate of de- 
flection (0.000096 inches per minute). The re- 
sulting effective stress strength parameters were 
found to be comparable to those typical of Albany 
clays. i 

e. Eight “undisturbed" and eight remolded laboratory 
) vane shear strength tests were performed. Based 
on a comparison of the remolded shear strengths 
with the original shear strengths measured, the 
upper brown silt and clay layer can be classified 
as relatively insensitive to disturbance while 
the lower grey silt and clay is sensitive to dis- 
turbance. 
Shear strengths from all tests excepting the consolidated- 
drained (CD) type are plotted on Drawing No. 1 SM 1960B in the 


Appendix. 
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IV. DESIGN ANALYSES 
A. Selection of Shear salads. Parameters 

The upper layer of brown silt and clay has been pre- 
consolidated by desiccation. A shear strength of 1600 psf was 
selected. for use in stability analyses based on shear strength 
results shown on Drawing No. 1 SM 1960B in the Appendix. 

The underlying gray silt and clay has a lower strength. 
Drawing No. 1 SM 1960B contains shear strength results determined 
from the various types of tests, including those from CU tests 
for three artesian pressure assumptions. The artesian head in 
each case was assumed to dissipate its bouyant or uplift effect 
uniformly from the full value at a depth of 90 feet to zero at 
- depth of 10 feet; i.e., the assumed groundwater level. Also 
shown in the shear strength plot of this drawing is the theo- 
retical variation of shear strength with depth (assuming no 
precompression and no artesian head) based on a shear strength 
to consolidation pressure (c/p) ratio of 0.25. This value of 
the c/p ratio has been found to be generally valid for glacial 
lake clays of New York State. eee giving due consideration 
to: 1) the decrease in strength in UU tests as a result of 
sampling disturbance; 2) the strengths obtained from CU tests, 
including the effects of various assumptions regarding the 


groundwater level and the possible artesian pressures, as well 
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as the effects of disturbance and reconsolidation; and 3) the 
Pee ereeiidecion evident from consolidation tests, a uniform 
shear strength of 700 ere the gray silt and “3 BY was selected 
for design purposes. This value is considered to be on the 
conservative side. 
B. Embankment Stability 

The stability against Baa te ere failure for the 22 
feet high end fill and 25 feet side fill conditions in the 
structure area was analyzed using a computer program normally 
employed by this Bureau oe this purpose . The program auto- 
matically searches. for the failure arc having the lowest safety 
factor. The minimum factor of safety was found to be 1.45 for 
the side fill and 1.51 for the end fill conditions at the west 
approach embankment. It is estimated that the safety factor 
against a rotational shear failure at the toll plaza and the 
east approach embankment is higher because of the smaller 
thickness of the grey clay layer. The results of these analyses 
fate the circles giving the lowest safety factors are shown in 
Drawing No. 1 SM 1960C, included in the Appendix to this report. 

C. Embankment Settlement 

Settlement of the embankments depends, among other variables, 
on the existing effective stress in the soil and on the maximum 
past pressure under which the soil has been consolidated (the 


preconsolidation pressure). The interpretation of the precon- 
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solidation pressure from consolidation tests is frequently 
made difficult by disturbance during Eampl ing and preparation 
of samples for testing. The stress condition in the soil is 
not accurately known because of the indefinite location of the 
groundwater level and the unknown magnitude of artesian pressure. 
In the settlement analysis For er 2 project conservative assump- 
tions were made to account for these factors and the resulting 
estimates are believed to be the maximums anticipated for this 
project. 
In computing the rate of settlement, assumptions were 

made regarding the drainage characteristics of the compresible 
soils, including the effect of lateral drainage. 

| The approach embankment settlement can be pedneed by 
the use of lightweight fill (dry unit weight equal to 70 lbs. 
per cubic foot). It is estimated that the cost of lightweight 
fill at this location would be $8 per cubic yard in place. A 
suggested specification for lightweight fill can be submitted, 
itecesired. 

The anticipated centerline settlements of the two approach 

embankments and the toll plaza at the assumed drainage structure 
location 1 and 5 years after the end Be construction, and 


ultimately, are given in the following tabulation. The settle- 


ments are higher at the west approach because of the greater 
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depth of the silt and clay layer at that location. It should 
' be noted that the settlements will also be the differential 
settlements between approach embankments and pile-supported 


abutments. 







Ultimate 






. Total Settlement 





| ADC era, Settlement 
Location 1 year 
East Approach Embankment Deel arith. 
West Approach Embankment Sarit ES 'vin 
West Approach Embankment ah aba he 7 in 
Using Lightweight Fill 
Toll Plaza eee imcd | Lubin Sage 





culvert location) 


The above tabulation shows that by the use of lightweight 
fill the settlement of the west approach embankment can be re- 
duced to that expected at the east approach embankment. 

D. Structure Foundation 
1. Abutments 
If the Prat iente were supported on spread footings, 
the abutment settlements would be similar to the expected 

‘approach embankment settlements listed above. Therefore, 

to mete structure settlement, the abutments should be 

supported mS end Bearias piles... As a result of approach 


embankment settlement, the abutment piles will be subject 
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to pile drag. We estimate that regular-weight tt OH a FO 
create drag Force which may reach as much as 100 tons 
per vertical pile at the west abutment and 60 tons per 
vertical pile at the east abutment. Utilizing light- 
Wetene fill in the west approach embankment, the peeimaced 
drag would be reduced to about 70 tons per vertical pile. 
Drag forces on piles battered away from the center of 
the approach embankments are anticipated to Soot 
one-half of the magnitude of those on vertical piles. 
Although these drag estimates may appear to be in- 
eels niet the poor performance of the nearby 
Thruway bridge on Biles over the Penn Central Railroad 
tends to substantiate the potential drag problem in this 
area. leparaltes were noted in the abutments of this exist- 
ing Thruway bridge, en is only about 0.8 miles north 
ot the project site. These cracks are similar to those 
observed at bridges in New York State where structure 
settlement, as a result of pile drag, has been measured. 
Cracking of abutments is more common in cases where 
pile-supported structures have experienced piie drag 
than in the case of abutments on spread footings, even 
though the latter Hee have undergone considerably greater 
settlement. This is because the soil under a spread 


footing foundation will adjust to provide a reasonably 
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--uniform settlement under this type of foundation, 


whereas 


some piles in a long pile group will be non-uniformly 


over-loaded and will settle more than others. This 


situation results in the removal of continuous support 


from beneath the pile cap. 


The effects of pile.drag could be reduced by 


Support- 


ing the abutments on heavy steel H-piles driven to practical 


refusal. It would be desireable that the H-piles be. 


provided with reinforced driving Went inorder 
that they penetrate to bedrock. In our opinion, 
allowable stress in the H-piles may be hehe 58 
drag is included in the design pile loads. 
Zen LET 

The dead and live load for the pier) is’ small 
to the load imparted by the approach embankments 
abutment areas. Our analysis indicates that the 


may be supported on spread footings designed for 


to ensure 
the 


bE opi le 


compared 
on) Che 
pier 


a max- 


imum bearing pressure of 2 tons per square foot without 


increasing the pressure at any depth in the foundation 


soils above the preconsolidation pressure. The antici- 


pated ultimate pier settlement for a uniform bearing 


pressure of 2 tons-per square foot is 1.5 inches, 


all 


of which will occur within 6 months after construction. 


The brown layered silt and clay at footing level is 
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subject to softening from disturbance under Boerite tion 
traffic possibly combined with exposure to rain. There- 
fore, before construction of the pier footing, the under- 
lying foundation soils should be excavated to a depth of 
two feet below footing base elevation and replaced with 
compacted Item 2VJ-D. 
V. Conclusions and Recommendations 

1. The embankments can be safely constructed to the pro- 
posed heights using a normal construction procedure. 
2. Using regular fill and a normal construction proce- 
gure. che estimated settlement of the west abutment is 
15 inches, while that of the east abutment is 7 inches. 
3. The west approach embankment may be partially con- 
structed of lightweight fill to reduce settlement of the 
embankment and drag on piles supporting the abutment. 
The upper limit of lightweight fill should be 2 feet 
below subgrade elevation. The lateral limits at the 
Pa and a sides of the approach embankment should 
be the normal embankment side slopes. The lateral limit 
in back of the abutment should be a plane intersecting 

- the upper limit 20 feet back of the wingwalls and inclined 
at a slope of 1 vertical on 2 horizontal away from the 


abutment. The cost of using lightweight fill should be 


“ane 





compared to the cost of additional maintenance and, 
possibly, an initial temporary pavement to be replaced 

by a permanent one after most of the settlement has taken 
place. 

4. The anticipated west approach embankment settlement 
Usime lightweight. fill is 7 inches. Most of this settle- 
ment will occur within 1 year after the end of construction. 
5. The requirements of this project do not appear to 
permit any waiting periods. However, in order to reduce 
the differential eee toner between the approach embank- 
ments and ive abutments, embankment poeeecrion and paving 
operations should be scheduled so as to provide the max- 
imum possible time interval between completion of the 
embankments to subgrade elevation and paving. 

6. We recommend that settlement platforms be included 

in the contract in order to verify the design assumption 
and the predicted settlements. At least two settlement 
platforms should be installed at ground surface under 
each approach embankment near the abutment areas. 

hiip Abutments should be supported on heavy steel H-pile 
sections with reinforced driving tips. Piles should be 
driven to practical refusal. Abutment settlement will 


be less than one inch. 
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8. Pile drag of considerable magnitude is anticipated. 

It is our opinion that the allowable stress in the pile 

may be increased if drag loads are included in the design 

pile loads. 

tie “Tas anee may be supported Bab aiah eoeenatt tic foundation 

designed for a maxium bearing pressure of 2 tons per square 

foot and placed on a 2 feet thick layer of compacéd Item 
2VJ-D. | 

10. The anticipated settlement of the pier is 1.5 inches, 

all of which will occur during the first 6 months after 

construction. Placing the pier on spread footings would 
have the added advantages of not having to move the pile 
driving rig across the Thruway and of not having the pile 
driving rig in the median, thereby creating a traffic 
hazard. 

11. The maximum settlement at the proposed toll plaza 

will be about 5 inches which will occur above the exist- 

ing Pee chanel This settlement should be taken into 
| account when designing a Beer under the toll plaza. 

We will be pleased to review and discuss this report in 
further detail and be ie ane service on this project, if you 
so desire. 

eee Chic Ce. 
Bernard E. Butler 


Associate Soils Engineer 
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